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SUMMARY 


Strong  cross-reactions  were  demonstrated  for  staphylococcal 
entcrotoxlns  B (SEB)  and  (SEC^^)  by  antlgcn-bindlng  capacity  and 
by  competitive  binding  ability.  Both  SEB  and  SEC^  combliuid  completely 
with  the  heterologous  antibody  although  requiring  four  times  as  much 
antiserum  as  the  homologous  enterotoxin  and  botli  displaced  about  one- 
third  of  the  other  enterotoxin  from  a heterologous  antigen-antibody 
system.  It  is  proposed  that  one  of  the  three  major  antigenic 
determinants  of  these  cnterotoxlns  possesses  a significant  similarity 
but  probably  not  an  identity  of  structure. 

SEB  and  SEC^  did  not  combine  with  antiserum  to  enterotoxin  A 
nor  Inhibit  the  reaction  of  SEA  witli  anti-SEA.  SEA  had  no  intrinsic 
binding  capacity  for  anti-SEB  or  anti-SEC^  nor  did  it  inhibit  the 
binding  of  cither  enterotoxin  to  its  own  antibody.  Affinity 
chromatography  was  employed  to  demonstrate  tliat  a small  apparent 
binding  of  SEiA  to  anti-SEB  was  due  to  antibody  to  SEA  in  the  anti- 
SEB  scrum  and  that  an  almost  complete  displacement  of  SEC^  binding 
to  antl-SEC^  was  caused  by  contaminating,  SEC  (about  0.01!!;)  in 
preparations  of  enterotoxin  A. 


The  enterotoxlns  produced  by  Stnphyl  ococcus  c-iurcus  are 


Identified  on  the  basis  of  serological  Individuality.  Of  the  five 

well-defined  types  A,  B,  C,  D,  and  E,  serological  cross-reaction 

has  been  identified  only  between  types  A and  E (1).  Ttie  presence  of 

common  or  similar  antigenic  determinants  in  enterotoxlns  A,  B, 

and  C has  however  been  suggested  by  tlie  work  of  Gruber  and  Wright 
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(2).  Tliey  reported  in  1968  that  both  SEA  and  SEC  were  bound  by 
rabbit  antibody  to  enterotoxin  B.  Johnson  ^ aj^.  (3)  ol)served  weak 
heterologous  inhibition  by  SEA  and  SEC  of  tlic  SEB-anti-SEB  system 
and  by  SEB  and  SEC  of  I lie  SEA-anti-SEA  interaction. 

We  have  investigated  the  interaction  of  SEA,  SEB  and  SEC^  with 
antisera  to  each  enterotoxin  by  measurement  of  both  antigen-binding 
capacity  and  the  ability  to  bind  competitively  with  homologous 
antigen.  Vie  report  here  that  SEB  and  SEC^  have  a strong  reciprocal 
reaction  with  each  other's  antibody.  However,  SEA  does  not  combine 
with  either  anti-SEB  or  anti-SEC^  or  inhibit  tlie.  binding  of  antigen 
in  the  two  other  homologous  systems  and  neither  SEB  nor  SEC^  reacts 
with  antl-SEA. 


MATERIALS  AND  METHODS 

Preparation  and  label Ing  of  enterotoxi ns . The  enterotoxlns  were 

produced  and  isolated  by  published  methods  (A, 5)  as  modified  In  our 

laboratory  (6,7).  Each  product  gave  a single  line  in  sodium  dodecyl 

sulfate  polyacrylamide  gel  elec  I rophoresls  (8)  and  by  all  physical 

and  blolog.ical  tests  was  estimated  to  be  more  than  99%  pure  enterotoxin. 

1 25 

The  toxins  were  labeled  with  I I>y  the  gaseous  diffusion  metliod  of 

Gruber  and  Wright  (2).  One  milligram  samples  were  labeled  with  1 
125 

mCl  of  1 with  an  efficiency  of  10-15%  to  an  extent  of  about  one 
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atom  of  Iodine  per  molecule. 

Antisera.  New  Zeal.ind  white  ra!)t>its  were  Immunized  by  Intracutaneous 
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Injection  ot  the  enterotoxin  without  adjuvant  . A regimen  based  on  that 
develo)»ed  by  Silverman  (9)  was  employed.  Only  those  sera  giving 
Identical  ( uchterloay  titters  were  i)c>oled.  'llie  antisera  used  in  Lliis 
study  ei.i  tallied  the  following  li'veJs  of  specific  immunoglobulin:  ante- 
SEA,  2.2  mg/ml;  anti-SKB,  0.8  mg./ml  ; ;inl  i -SEC^  , 0.8  irg,/ml. 

Ant  i g • i-b  i nd  i ng,  c_:ij[>ac  i Test;  for  measurii,-,  binding  to  .'intibody 

were  performed  by  a modi  I ic.i!  ion  * of  tlie  in  hod  of  .lonsson  and  Kronval  1 
(10).  'llus  technique  is  b.iscd  on  the  .iiility  of  protein  A-cont.n  i ning 
strains  of  aurtsis  to  renci  .<•  j ec  i f i c.il  1 y and  witli  hig,li  atfinity  with 
the  fc  paition  of  1 gC  (11).  Samples  of  labeled  antigen  (100  ng  in  500 
VjI)  wore  added  to  500  vil  of  tv.’ofold  serially  diluted  antiserum  in 
phosphat.e-buf fe  d saline  containing  0.5%  bovine  serum  albumin  and 
Incubated  at  4“C  for  18  hr.  To  separate  bound  from  unbound  antig-.i 
100  pi  of  a 10%  suspension  of  the  Cowan  1 strain  of  ji.  aureus  was 
added,  and  the  tubes  were  mixed  on  a vortex  shaker,  allowed  to  stand 
for  10-20  inln  at  room  temperature,  and  centrifuged  at  1700  x G for 
10  min.  llie  su))c-rnatant  flni<l  was  decanted  and  the  tubc.s  drained. 

The  tul'f.s  were  counted  in  a gamma  counter  (Searle)  for  1 min.  Tlie 
amount  of  antig.en  hound  to  antibody  wa.s  calculated  by  tlic  following 
f ormul a : 

% Antigen  combined  = x 100 

where  A is  the  radioactivity  in  the  te.st  sample,  1!  is  the  total  added 
radioactivity,  and  C Is  the  nonsi)eciflc  r.id  loac  1 1 v 1 1 y occluded  by  the 
microorganism  in  the  absence  of  antibody.  Fifty  per  cent  endpoints  were 
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best  determined  by  log  antibody  - log  % antlgcn-coniblned  plots 
which  were  linear  in  the  20-80%  binding  range. 

Competitive  binding  assay.  The  volume  of  antiserum  sufficient 
to  bind  50%  of  the  labeled  antigen  (100  ng)  was  added  to  varying 
amounts  of  unlabcl.ed  inhibitor  and  the  solution  was  incubated  at 
room  temperature  for  20  inin.  Labeled  homologous  antigen  was  added 
and  the  mixtures  were  incubated  overniglit  at  4“C.  'liie  tubes  were 
then  processed  as  in  the  ant ig,en-bind i ng  cajjacity  teclinic|ue.  'J'he 
delayed  addition  of  labeled  antigen  increased  the  sensitivity  of 
the  assay  about  fourfold.  Beyond  30  min  no  incre.'isc  in  sensitivity 
was  observed. 

The  per  cent  inhibition  was  calculated  as  follows: 

% Inhibition  = ^ ^ x 100 

where  D is  the  radioactivity  in  the  absence  of  inhibitor,  E is 
the  radioactivity  in  the  presence  of  inhil)itior,  and  C is  the 
radioactivity  of  the  labeled  antigen  occluded  by  the  I'rec ip i tat i ng 
microorganism  in  tlte  absence  of  antibody. 

Preparat ion  of  affinity  columns . I’roteins  were  coupled  to 
Sepharose  AB  (Pharmacia)  by  the  mctliod  of  Cuatrecasas  ejt^  al_.  (12) 
except  that  the  cyanogen  bromide  was  added  in  a solution  of  dimethyl 
formamide.  Antibody  was  precipitated  three  times  by  1/3  saturation 
witli  (Nll^)^^©^.  About  50  mg,  were  coupled  and  the  final  volume  of 
settled  adsorbent  was  made  to  10  ml  witli  untreatetl  Sepharose. 

RESULTS 

Ant  i gen-bind  iiij'.  capac  i t y of  lieterolc'gous  ent  erot  ox  i ns  . iiie 
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results  of  antlgen-bfndlng  capacity  deternilnatlons  are  shown  In  Fig. 

1-3  for  antisera  to  SEA,  SEB,  and  SEC^^,  respectively.  All  of  the 
labeled  enterotoxlns  are  completely  preclpi table  In  a liomologous 
system  confirming  that  minimal  alteration  in  the  enterotoxin  structure 
was  brought  about  by  this  level  of  iodination.  No  binding  of  eitlier 
SEB  or  SECj^  to  antl-SEA  was  detectable.  Significant  binding  capacity 
of  SECj^  for  anti-SEB  (Fig.  2)  and  of  SEB  for  .-inLi-SEC^  (Fig.  3)  was 
apparent  witli  essentially  all  of  the  labeled  cnitcrotox i ns  being  removed 
from  solution  as  imnnine  complexes  by  the  prec  i)i  itat  ing  agent  for  the 
IgG.  About  four  times  more  antiserum  v.'as  retpiired  for  each  heterologous 
antigen  over  that  required  for  tlie  homologous  interaction.  Tlie  ratios 
of  50%  endpoints  were  4.2  for  SEC^/SEJ5  with  anti-SEB  and  4.1  for  SEB/SECj^ 
with  anti-SEC^.  These  data  indicate  quite  clearly  that  there  is  at 
least  one  antigenic  region  on  SEB  and  SEC^  with  a significant  degree  of 
similarity  of  structure. 

Enterotoxin  A did  not  bind  to  ant i-SEC^  but  an  apparent  interaction 
with  anti-SEB.  to  the  extent  of  1721  was  observed.  This  binding,  if 
specific,  is  only  1/lOOOtli  that  of  the  homologous  toxin.  Another 
possibility,  however,  was  that  the  rabbit  antiserum  to  SEB  contains 
low  levels  of  anti-SEA.  It  is  known  that  the  organism  used  for  the 
production  of  SEB  also  elaborates  small  amounts  of  SEA  (13)  and  tlie 
protocol  employed  for  the  ])roduction  of  antiserum  involves  multiple 
injections  over  a long  ))eriod  of  time.  To  distinguislt  betwt'en  these 
alternatives  affinity  columns  were  used.  Wlien  anti-SEB  was  run 
tlirough  a column  of  SEA  I>ound  to  Sepliaro.se  4B,  the  effluent  no 
longer  combined  witli  labeled  SEA.  Altliough  witliln  the  limits  of 
assay  the  antibody  titer  to  SEB  was  unclianged , this  experiment  is 
subject  to  the  criticism  tJiat  a small  fraction  of  anti-SiUl  molecules 
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1 could  have  been  removed  by  the  SKA-Sepliarose  without  a detectable 

change  in  titer.  Therefore,  antiserum  to  SKB  was  i>assed  over  an 

affinity  column  of  SEB  bound  to  Scpharo.sc-.  A column  of  untreated 

Sepharosc  was  run  in  parallel  to  obviate  dilution  and  nonspecific 

adsorption  effects.  As  anticipated,  antibody  to  SEH  was  quantitatively 

removed  but  80%  of  tlie  capacity  to  bind  to  SliA  remained  in  the  column 

effluent.  Since  the  adsorbent  had  the  capaciiy  for  al  least  100 

times  as  much  antl-SEB  as  was  added,  it  sc’cm;;  quite  clear  that  what 

passed  tlirougli  tlie  column  was  anti-SEA  and  thc'iefore  tliere  is  no 

intrinsic  binding  of  SEA  to  antibody  for  SEE. 

Compet  it  i ve  inh  j^bi  t i_oii . The  competitive  binding  or  inhibition 

expe7'iments  are  presented  in  Fig.  4-6  for  the  labeled  enterotoxin- 

anti-enterotoxin  systems  A,  B,  and  respectively.  It  is  apparent 

that  in  each  case  the  unlabeled  liomologous  entcrotoxin  was  capalile 

of  100%  inhibition^ that  is,  of  completely  displacing  labeled  enicrotoxiii 

from  specific  antibody.  SEC^  did  not  compete  with  the  SEA  system  at  all 

and  a very  minor  displacement  by  SEB  is  of  questionable  significance 
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(vide  supra)  (Fig.  4).  Entcrotoxin  B competed  successfully  with  1-SEC^ 
for  anti-SEC^  and  the  converse  was  also  true.  A dispLici-ment  of  24%  was 
observed  by  SEB  (Fig.  6)  and  of  42%  by  SEC^^  (Fig.  5).  These  effects 
were  achieved,  however,  at  enormous  molar  ratios  of  the  order  of  10^:1. 

Only  marginal  inhibition  was  found  for  SFA  against  the  SEB  system 
(Fig.  5).  However,  there  was  an  a]q>arent,  almost  quantitative  displacement 
by  SEA  of  labeled  SEC^  (Fig.  6).  Titis  surprising,  observation  was  also 
found  with  another  preparation  of  SEA  and  another  bate!)  of  rabbit 
anti-SECj.  The  sltai>e  of  the  curve,  however,  sug.gested  an  impurity 


of  SEC  in  tlie  enterotoxin  A preparation.  Arcordlngly,  a solution  of 


SKA  was  pnssod  through  an  affinity  column  of  antlbociy  to  SEC^^  coupled 
to  Sepharosc  4B.  Tiie  Inhibitory  activity  of  the  SKA  was  completely 
eliminated.  This  result  is  also  presented  In  Fig.  f>.  To  our  knowledge 
this  Is  the  first  report  that  tlie  organi.sm  produclnc,  SKA  also  synthesizes 
SEC.  Tlie  level  of  contamination  in  the  SIvA  jireparat  ion  is  less  than 
O.OIZ. 


1)1  sen  .SSI  ON 

The  lack  of  serological  cross-reaction  nn)ong  tlie  staphylococcal 
enterotoxins  does  not,  of  course,  precliule  tlie  pri-senci'  of  common  .iMligonic 
determinants.  Hie  present  data  deinonstrate  convicingly  that  this 
situation  does  exist  for  SEB  ;ind  SEC^ . The  thi'ory  ol  m.iirix  format  ion 
and  the  c-xper imental  observation  that  SEIi  and  SEC^  do  not  form  a 
precipitate  with  each  other's  antiserum  limit  the  possible  number  of 
common,  simultaneously  reactiiij',  determinants  to  two.  A simple  but 
obviously  not  unique  model  which  appears  to  fit  the  data  involves  but 
a single  common  determinant.  It  is  proposed  that  this  epitope  is  one 
of  three  major  antigenic  regions^  .and  gives  rise  to  about  c'ue-third  of 
the  antibody  populations  in  antisera  to  SEB  and  SEC^ . If  the  heterologous 
determinant  tlien  possessed  an  ecpiivjilent  afiinity  constant  a threefold 
excess  of  the  amount  of  antibody  observed  lor  the  binding  of  the  homologous 
enterotoxln  would  be  reapiired.  The  fourfold  ratio  obtained  is  very  clo.se 
to  this,  but  it  perhaps  sugg.ests  either  a lower  concent.rat  ion  of  the 
particular  antibody  moU'cul.e  or  a reduced  affinity.  The  apptirent 
levelling  off  of  the  competitive  binding  curves  at  30-40Z  inhibition  is 
consistent  with  this  picture.  An  inhibition  of  60-70;!l  would  be  anticipated 
with  two  determi n.ants  t>f  etpial  immunogenicity . The  shape  of  these  curves 
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would  Sftm  to  Indicate  a reduced  affinity  and  tlicrefore  that  some 
difference  in  structure  exists  between  tlie  functionally  similar 
determinant  in  enterotoxins  B and  C^. 

We  have  found  no  evidence  of  interact i<ui  of  SKB  or  SEC^  with  anti-SEA 
or  of  SEA  witti  eitlier  anti-SIdJ  or  anti-SIOC^.  Tlie  small  apparent  binding 
capacity  of  SEA  for  anti-SEB  [also  ol>scTved  liy  Crtiher  and  Wright  (2)]  is 
demonstrably  due  to  tlie  presence  of  antibody  to  SEA  in  tlie  antiserum 
to  SEB.  Our  failnri-  to  find  heterolog.ons  inhibit  ion  of  the  enterotoxin 
B-anti-SEB  system  by  SEA  and  of  the  enteiotoxin  A-anti-SEA  system  by 
SEB  or  SECj  is  in  disagreement  with  tlie  ohsi  rvat  ions  of  .lohnson  e t a 1 . 

(3),  While  their  assay  system  is  considerably  more  sinsitive  than  ours, 
we  were  able  to  discern  no  effect  at  molar  ratios  of  inhiliitor  to 
homologous  antigen  that  were  equivalent  or  greater  than  their  ratio  for 
33%  inhibition.  Duplicating  tlie  incuh.itlon  conditions,  .lohnson  ej_  al_. 
employed  did  not  niter  our  la-sults.  It  is  of  great  significance,  we 
feel,  that  no  binding,  was  observed  for  these  hcterol  oginis  reactions 
in  the  assay  for  .ant  ig.en-hirid  ing  capacity.  Combination  in  tlie  absence 
of  a homologous  ant  igc-n  Is  surely  a more-  sinsitive  indicator  than  in 
its  presence-. 

W<-  are  studying  t lie-  c ross-n-act  ion  of  tlie  polypept  ides  of  SEB  and 
SECj  formed  by  liniited  dlr.e'  i ion  with  tryjisin  (6,7).  Tliis  should  permit 
a better  underst  .and  i iig  of  the  location  ol  the  common  antigenic  det  ern' i nant 


dc.scrilied  here. 


FOOTNOTES 


The  views  of  the  author  do  not  purport  to  reflect  the  positions  of 

the  Department  of  the  Army  or  the  Department  of  Defense. 
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Abbreviations  used:  SEA,  stapliylococc.il  onterotoxin  A;  SEB,  staphylococcal 

enterotoxln  B;  SEC,  staphylococcal  onterotoxin  C,  (SEC^  is  tlic  variant 

with  tlie  more  alkaline  Isoelectric  point). 

3 

In  conducting  the  research  described  in  tills  report,  the  investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  haboratory  Animals,"  as 
promulgated  by  the  Committee  on  the  Revision  of  the  Guide  for  b.iboratory 
Animal  Eacilities  ;ind  Care  of  the  Institute  of  L.iboiatory  Animal 
Resources,  National  Research  Council.  llie  facilities  arc  fully 
accredited  by  the  American  Association  for  Accreditation  of  haboratory 
Aniiaal  Care. 

J.  F.  Metxger  and  A.  D.  Johnson,  numuscrijit  in  preparation. 

^The  effective  antigenic  valence  of  SEB  as  determined  by  quantitative 
precipitin  analysis  is  three  (14).  For  SEA  and  SEC^  values  of  3-4 
were  obtained  (L.  Spero,  unpublished  observations)  and  for  the  purposes 


of  this  discussion  a value  of  three  is  assumed  for  all  of  the  enterotoxins . 
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LEGEND  FOU  FIGURES 
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Figure  1.  Binding  of  I-labelcd  enterotoxins  to  rni)l)it  antiserum 

to  enterotoxin  A.  SEA  (A  );  SEB  (O  );  SECj  (Q  ). 
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Figure  2.  Binding  of  I-labeled  enterotoxins  to  rahl>it  antiserum 

to  enterotoxin  B.  SEA  (A);  SEB  (O  );  SEG^  (□  ). 
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Figure  3.  Binding  of  I-labeled  enterotoxins  to  ralthit  antiserum 

to  enterotoxin  . SEA  (A  );  SEB  ( O );  SEG^  (□  ). 
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Figure  4.  Inhibition  of  binding  of  ' 1-SIiA  to  ral)hit  .in  I iserum 

to  SEA.  Inliibitors  used  were:  SEA  ( A );  Si:i’>  ( O );  SEC^  ( Q). 

1 25 

Figure  5.  Inhibition  of  binding  of  l-Slbi  to  rabbit  antiserum  to  SEB. 

Inhibitors  used  were:  SF.A  ( A );  Si;i5  ( O );  SliG^^  ( [U  ) . 
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Figure  6.  Inhibition  of  binding  of  i-SEG^  to  rabbit  antiserum  to  SEG^ . 
Inhibitors  used  were:  SEA  (A  );  SEA  (A),  after  passag.e  througli  ;in 
affinity  column  of  anti-SEG^  bound  to  Sepbarose  4B;  SEB  (O  );  SEG^  ( D)- 
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